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Mosquito control is a multisectoral public service critical to advancing the 2030 sustainable
development goals (SGDs). Inextricably linked to housing quality, urban planning, education,
healthcare access, and other issues of economic equity and environmental justice, the challenge
of mosquito-borne diseases can only be met by linking up diverse forms of expertise and advo-
cacy [1].
Local communities are a key actor and crucial resource in this effort. As WHO’s 2017–2030
Global Vector Control Response reminds us, the engagement of affected communities is essen-
tial to building ‘sustainable control programmes that are resilient in the face of technical, oper-
ational, and financial challenges’ [2]. Though the form of participation will vary depending on
the type of intervention, success hinges upon the degree to which citizens are effectively incor-
porated into the work of entomological research and mosquito abatement.
A range of innovations in vector control, however, are leading us to think more deeply
about how local communities and other stakeholders participate in these endeavours. On the
one hand, novel technologies of mosquito modification are expanding the range of disease
control options. These technologies encompass diverse forms of genetic modification, includ-
ing those making use of gene drive systems, and the introduction of inheritable alterations in
the mosquito’s microbiome, as in the case of Wolbachia-infected strains. Depending on the
particular trait incorporated into the mosquito, modified specimens can be used either to sup-
press the resident vector population or to replace it with a new strain that is refractory to trans-
mission of the human pathogen. In all cases, the deployment of these technologies requires
releasing laboratory-reared mosquitoes on an area-wide basis. As the history of large-scale
mosquito releases suggests, the public legitimacy of this kind of intervention is always fragile—
doubts about the purpose of the releases and misgivings about their long-term effects have in
the past triggered intense local opposition [3]. Early attempts to define robust processes of gov-
ernance for novel technologies of mosquito modification have emphasised the need to engage
affected communities and other relevant stakeholders well in advance of deployment in
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disease-endemic areas and to develop models of communication, dialogue, and education
attuned to local concerns and expectations [4–7].
In parallel to the development of new technologies of mosquito modification, we are also
witnessing the emergence of innovative forms of citizen science specifically tailored to vector
control challenges. Mobile communication technologies and digital platforms enlarge the
potential pool of participants in mosquito surveillance efforts by enabling residents to gather
and share entomologically relevant data [8]. These citizen science platforms create new chan-
nels of communication between mosquito control specialists and community members and
can be an effective means of increasing the level of alert vis-à-vis endemic or emerging mos-
quito-borne diseases. Furthermore, these platforms also introduce new ways of quantifying the
extent and intensity of public engagement with vector control interventions.
The confluence of innovations along these two fronts—new mosquito modification tech-
nologies and novel citizen science platforms—represents a unique opportunity to develop new
approaches to public participation in the design, implementation, and evaluation of vector
control programmes. A consultative workshop was held in Oxford in June 2018 to further this
agenda [9]. Experts including entomologists, policy makers, development professionals, com-
munication specialists, social scientists, and historians were asked to share experiences of suc-
cess and failure in efforts to involve communities in mosquito control programmes past and
present and to reflect on the challenges and opportunities that new technologies present. The
meeting showcased the depth of practical experiences in engaging a wide spectrum of stake-
holders. In what follows, we highlight key insights from our discussion and propose principles
for robust community engagement with new vector control technologies.
The most immediate conclusion from our discussion was the need to have an expansive
notion of ‘engagement’. Community participation in vector control is not simply a matter of
obtaining individual or collective consent for a particular intervention but of integrating a
diverse range of knowledge, experiences, and interests into the intervention itself. Mosquito
control is notoriously labour intensive—the heterogeneity and dynamism of human–mosquito
interaction requires local adaptation of tools and finely grained monitoring to ensure that dis-
ease control remains effective. Historically, community members have actively participated in
the practical work of insect collection, insecticide application, or environmental modification
[10–12]. Today, residents in intervention areas routinely act as project employees, advisers,
and disseminators, offering indispensable technical advice, political support, and financial
resources [13–15]. Novel technologies of vector control do not obviate the need for active
involvement by local communities. On the contrary, they increase the significance of commu-
nity authorisation and bring into sharper relief the importance of effective public dialogue,
specifically when the importation and release of modified mosquitoes are concerned. ‘Engage-
ment’ thus goes far beyond establishing one-way communication processes with local leaders
or official stakeholders and requires developing a robust and context-specific strategy to
involve citizens throughout the design, delivery, and evaluation of the intervention [16].
Second, our experience underscored the fluid nature of the relevant ‘community’ in vector
control interventions. For one, the production, transportation, assessment, and release of labo-
ratory-reared mosquitoes interconnect communities with varied backgrounds, expectations,
and concerns, and located in diverse cultural, political, and regulatory contexts. Moreover,
interventions that involve the release of self-sustaining mosquito populations are designed to
operate at large ecological and temporal scales, casting doubt on hyperlocal understandings of
the relevant community and on sporadic modes of participation. If the question of what con-
stitutes the relevant community in a vector control effort is never self-evident, it is further
complicated by the introduction of digital platforms for citizen-led data gathering and analysis.
These tools expand the range of potential participants and create new forms of connectivity
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among residents in the area of intervention. One of the examples presented at our meeting was
Mosquito Alert, a mobile-phone application that allows members of the public in Spain to
send geo-referenced reports with images of mosquitoes or their breeding sites for elucidation
by professional entomologists [17]. With almost 15,000 reports lodged since its launch in
2014, the application has served to monitor the spread of Aedes albopictus mosquitoes across
Spain and was recently the source of the first-ever confirmed observation of A. japonicus in the
country. In addition to serving as a tool of entomological surveillance, Mosquito Alert has also
proved its value as a means of promoting social awareness and education about mosquito-
borne diseases [18]. Another example discussed at the workshop was the recruitment and
training of local residents in the Kilombero Valley, southern Tanzania, to locate swarms of
Anopheles mosquitoes. Equipped with mobile phones, these volunteers report any sighting to
entomologists at the Ifakara Health Institute, who then visit the site to verify, geo-locate, and
sample the mosquito swarm [19]. The project builds on previous training of local residents in
the identification of areas of high mosquito density with the help of a participatory global
information system approach [20]. Whether they involve minimal training and target a large
population of potential volunteers, as in the case of Mosquito Alert, or require the acquisition
of new skills and their application to a strategic site of intervention, as in the Ifakara swarm
searching project, these and similar experiences suggest that innovations in citizen science can
effectively enhance mosquito surveillance and, in the process, create new channels of commu-
nication between experts and residents in affected areas. The ultimate result is a more active
public vis-à-vis the relevant vector control challenge.
An expanded notion of engagement and greater attention to the community-making
dimensions of vector control lead to an enriched understanding of participation, beyond the
legally defined and restricted process of public consultation [21]. Recent experiences presented
at the workshop, such as the experimental releases of Wolbachia-infected Aedes mosquitoes in
Brazil [22][23], part of the World Mosquito Program, or the scoping research currently under-
way in several sub-Saharan countries for the possible deployment of modified Anopheles mos-
quitoes by Target Malaria [24], demonstrate the importance of continual, transparent, and
open dialogue. Both projects have made a substantial investment of time and financial
resources in building proactive communication and community engagement strategies. And
both have adapted these strategies as the intervention evolved, piloting innovations in public
outreach. The World Mosquito Program, for instance, has experimented with the establish-
ment of ‘community reference groups’ to liaise with residents in the neighbourhoods and
towns where the releases have taken place [25,26]. One key lesson from these ongoing pro-
cesses of social innovation is that researchers, project managers, and funders cannot identify
in advance the most appropriate strategy for articulating the multiple and often conflicting
interests at stake, and must instead devise adaptable participation models based on a set of
clear commitments. Similarly, the effective use of digital citizen science platforms requires flex-
ibility in communication and data collection strategies in order to enable adaptation and
responsiveness to specific goals (whether local or global) and to the capabilities and constraints
of the relevant community, with the ultimate goal of ensuring codevelopment of the platform
with its intended users. Each mosquito control project must thus develop its own participatory
practice, building it over a period of time and evaluating it in constant dialogue with the com-
munities hosting these interventions.
Finally, we would like to restate the importance of supporting independent social scientific
research into the conditions for effective community participation in mosquito control
[27,28]. Social scientists and experts in stakeholder engagement play a key role in the success
of many individual programmes. Yet it is crucial to create platforms in which the experiences
of different projects can be shared, contrasted, and disseminated while respecting
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confidentiality of individuals and communities. Meetings like the one we held in Oxford allow
mutual learning between projects tackling comparable challenges under very different social
and political conditions. They also encourage reflection on the longer historical trajectory of
community participation in vector control. At a time when new technologies are reshaping the
very meaning of appropriate community engagement, this sort of collective, comparative
reflection becomes essential.
In sum, we need models of responsible innovation and tools for public engagement that are
commensurate to the challenges and opportunities implicit in novel technologies of vector
control. What constitutes the most relevant ‘community’ changes with the advent of new
forms of mosquito modification, whose potential risks and benefits go well beyond locally cir-
cumscribed territorial units and, in some cases, will persist long after their initial deployment.
Traditional forms and mechanisms of public participation are changing, as larger sections of
the population can take part in mosquito surveillance and control activities with the help of
new communication and data-sharing platforms. Independent, comparative research into the
conditions that enable meaningful public engagement must play an important role in building
the strong partnerships with communities and local institutions that are vital to achieving sus-
tainable control of mosquito-borne diseases.
References
1. World Health Organization. (2016). A toolkit for integrated vector management in sub-Saharan Africa.
Available from: http://apps.who.int/iris/bitstream/handle/10665/250267/9789241549653-eng.pdf?
sequence=1. Accessed on April 5, 2019.
2. World Health Organization. (2017). Global Vector Control Response 2017–2030. Available from:
https://apps.who.int/iris/bitstream/handle/10665/259205/9789241512978-eng.pdf?sequence=1.
Accessed on April 5, 2019.
3. World Health Organization. (1976). WHO-supported collaborative research projects in India: the facts.
WHO Chron, 30(4), 131–9. PMID: 1266199
4. McNaughton D., & Duong T. T. H. (2014). Designing a community engagement framework for a new
dengue control method: a case study from central Vietnam. PLoS Negl Trop Dis, 8(5), e2794. https://
doi.org/10.1371/journal.pntd.0002794 PMID: 24853391
5. Ramsey J. M., Bond J. G., Macotela M. E., Facchinelli L., Valerio L., Brown D. et al. (2014). A regulatory
structure for working with genetically modified mosquitoes: lessons from Mexico. PLoS Negl Trop Dis,
8(3), e2623. https://doi.org/10.1371/journal.pntd.0002623 PMID: 24626164
6. Kolopack P. A., & Lavery J. V. (2017). Informed consent in field trials of gene-drive mosquitoes [version
1; referees: 4 approved]. Gates Open Res, 1, 14. https://doi.org/10.12688/gatesopenres.12771.1
PMID: 29355214
7. James S., Collins F. H., Welkhoff P. A., Emerson C., Godfray H. C. J., Gottlieb M., et al. (2018). Path-
way to Deployment of Gene Drive Mosquitoes as a Potential Biocontrol Tool for Elimination of Malaria in
Sub-Saharan Africa: Recommendations of a Scientific Working Group. The American Journal of Tropi-
cal Medicine and Hygiene, 98(6 Suppl), 1. https://doi.org/10.4269/ajtmh.18-0083 PMID: 29882508
8. Bartumeus F., Oltra A., Palmer J. (2018). Citizen Science: A Gateway for Innovation in Disease-Carry-
ing Mosquito Management? Trends in Parasitology, 34(9), 727–729. https://doi.org/10.1016/j.pt.2018.
04.010 PMID: 29793805
9. Community participation in the control of disease vectors: old questions, new approaches. Available
from: https://insis.web.ox.ac.uk/event/community-participation-control-disease-vectors-old-questions-
new-approaches. Accessed on April 5, 2019.
10. Curtis C. F. (ed.) (1990). Appropriate Technology in Vector Control. Boca Raton, Florida: CRC Press.
11. Vaughan M. (2018). A Research Enclave in 1940s Nigeria: The Rockefeller Foundation Yellow Fever
Research Institute at Yaba, Lagos, 1943–49. Bulletin of the History of Medicine, 92(1), 172–205.
https://doi.org/10.1353/bhm.2018.0007 PMID: 29681554
12. Gubler D. J., & Clark G. G. (1996). Community involvement in the control of Aedes aegypti. Acta tropica,
61(2), 169–179. PMID: 8740894
13. Chaki P. P., Dongus S., Fillinger U., Kelly A., & Killeen G. F. (2011). Community-owned resource per-
sons for malaria vector control: enabling factors and challenges in an operational programme in Dar es
PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0007204 April 25, 2019 4 / 5
Salaam, United Republic of Tanzania. Human Resources for Health, 9, 21. https://doi.org/10.1186/
1478-4491-9-21 PMID: 21955856
14. Kelly A. H., & Lezaun J. (2014). Urban mosquitoes, situational publics, and the pursuit of interspecies
separation in Dar es Salaam. American ethnologist, 41(2), 368–383. https://doi.org/10.1111/amet.
12081 PMID: 25429167
15. Sawadogo S. P., Niang A., Bilgo E., Millogo A., Maïga H., Dabire R. K., et al. (2017). Targeting male
mosquito swarms to control malaria vector density. PLoS ONE, 12(3), e0173273. https://doi.org/10.
1371/journal.pone.0173273 PMID: 28278212
16. de Campos A. S., Hartley S., de Koning C., Lezaun J., & Velho L. (2017). Responsible Innovation and
political accountability: genetically modified mosquitoes in Brazil. Journal of Responsible Innovation, 4
(1), 5–23.
17. Palmer J. R., Oltra A., Collantes F., Delgado J. A., Lucientes J., Delacour S., et al. (2017). Citizen sci-
ence provides a reliable and scalable tool to track disease-carrying mosquitoes. Nature Communica-
tions, 8(1), 916. https://doi.org/10.1038/s41467-017-00914-9 PMID: 29066710
18. Eritja R., Ruiz-Arrondo I., Delacour-Estrella S., Schaffner F., A´ lvarez-Chachero J., Bengoa M., et al.
(2019). First detection of Aedes japonicus in Spain: an unexpected finding triggered by citizen science.
Parasites & Vectors, 12(1), 53.
19. Kaindoa E. W., Ngowo H. S., Limwagu A., Mkandawile G., Kihonda J., Masalu J. P., et al. (2017). New
evidence of mating swarms of the malaria vector, Anopheles arabiensis in Tanzania [version 1; refer-
ees: 1 approved, 2 approved with reservations]. Wellcome Open Res, 2, 88. https://doi.org/10.12688/
wellcomeopenres.12458.1 PMID: 29184918
20. Mwangungulu S. P., Sumaye R. D., Limwagu A. J., Siria D. J., Kaindoa E. W., & Okumu F. O. (2016).
Crowdsourcing vector surveillance: using community knowledge and experiences to predict densities
and distribution of outdoor-biting mosquitoes in rural Tanzania. PLoS ONE, 11(6), e0156388. https://
doi.org/10.1371/journal.pone.0156388 PMID: 27253869
21. Quinlan M. M., Smith J., Layton R., Keese P., Agbagala M., Lorelie U., et al. (2016). Experiences in
engaging the public on biotechnology advances and regulation. Frontiers in Bioengineering and Bio-
technology, 4, 3. https://doi.org/10.3389/fbioe.2016.00003 PMID: 26870726
22. Caragata E. P., Dutra H. L., & Moreira L. A. (2016). Exploiting intimate relationships: controlling mos-
quito-transmitted disease with Wolbachia. Trends in Parasitology, 32(3), 207–218. https://doi.org/10.
1016/j.pt.2015.10.011 PMID: 26776329
23. de Azambuja Garcia G., Sylvestre G., Aguiar R., da Costa G. B., Martins A. J., Lima J. B. P., et al.
(2019). Matching the genetics of released and local Aedes aegypti populations is critical to assure Wol-
bachia invasion. PLoS Negl Trop Dis, 13(1), p.e0007023. https://doi.org/10.1371/journal.pntd.0007023
PMID: 30620733
24. De Freece C., Pare´ Toe´ L., Esposito F., Diabate´ A., & Favia G. (2014). Preliminary assessment of
framework conditions for release of genetically modified mosquitoes in Burkina Faso. International
Health, 6(3), 263–265. https://doi.org/10.1093/inthealth/ihu035 PMID: 24981444
25. O’Neill S. L., Ryan P. A., Turley A. P., Wilson G., Retzki K., Iturbe-Ormaetxe I., et al. (2018). Scaled
deployment of Wolbachia to protect the community from dengue and other Aedes transmitted arbovi-
ruses [version 2; referees: 2 approved]. Gates Open Res, 2, 36. https://doi.org/10.12688/
gatesopenres.12844.2 PMID: 30596205
26. Kolopack P.A., Parsons J. A., & Lavery J. V. (2015). What makes community engagement effective?:
lessons from the Eliminate Dengue Program in Queensland Australia. PLoS Negl Trop Dis, 9(4),
e0003713. https://doi.org/10.1371/journal.pntd.0003713 PMID: 25875485
27. McNaughton D. (2012). The importance of long-term social research in enabling participation and devel-
oping engagement strategies for new dengue control technologies. PLoS Negl Trop Dis, 6(8), e1785.
https://doi.org/10.1371/journal.pntd.0001785 PMID: 22953011
28. Andersson N., Nava-Aguilera E., Arosteguı´ J., Morales-Perez A., Suazo-Laguna H., Legorreta-Sobera-
nis J. et al. (2015). Evidence based community mobilization for dengue prevention in Nicaragua and
Mexico (Camino Verde, the Green Way): cluster randomized controlled trial. BMJ, 351, h3267. https://
doi.org/10.1136/bmj.h3267 PMID: 26156323
PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0007204 April 25, 2019 5 / 5
